frequently to sudden deaths due to ASHD;
(2) studies of sudden deaths as one of the manifestations of new disease in prospective or cross-sectional studies of healthy popula- tions10-17; (3) studies of sudden death in prevalence studies of heart disease18 19; and (4) reports of sudden death due to a variety of other diseases. 5 20-28 Methods
Definition of Sudden Death
There is no generally accepted definition of a sudden death. In considering a definition, two factors must be taken into account: (1) time interval from the onset of the immediate event until death, and (2) expectation of death prior to the time of occurrence. The definition of sudden death used in this study was death due to natural causes of an individual who was not restricted to his house, hospital, or other institution, or unable to function in the community for more than 24 hours prior to death, and for whom the time interval from onset of the fatal event until death was less than 24 hours. The sudden deaths were divided into several categories according to the time interval from onset until death, whether the death was witnessed or not, and by prior history of the disease causing the death. Sampling A stratified systematic sample of all natural deaths in Baltimore residents in the 20 to 64 age group was obtained concurrently from the Baltimore City Health Department. Eighteen hundred and fifty-seven deaths representing 49.6% of the total deaths, were included in the sample. This included all such deaths of persons less than age 40, all such deaths outside of a hospital, one quarter of the deaths of persons aged 40 to 64 in a hospital which were certified by the Medical Examiner, one third of the deaths of persons aged 40 to 64 in a hospital which were not certified by the Medical Examiner, (table 1) . After the sample of death certificates had been obtained, the deaths included in the sample were classified into groups with a high or low probability of sudden death based on information on the death certificate, including the estimated length of hospitalization, cause of death, and interval from onset of the disease until death. In an earlier pilot study we found that this separation was very sensitive and that practically no sudden deaths were included in the low probability group. The low probability deaths, representing about 25% of the total deaths in the sample, were then classified as not-sudden except for a small sample processed with the high probability group.
The high probability deaths were thoroughly studied by reviewing all available medical information, including hospital records, medical examiners' and physicians' reports, and autopsy protocols, in order to determine (1) whether the death was possibly sudden or not and (2) the accuracy of the diagnosis as reported on the death certificate. In all deaths considered to be possibly sudden after reviewing the available information, the next of kin, other relative, or friend of the deceased was interviewed in order to find out whether the death was sudden and to obtain further information about the death. Approximately 92% of the interviews were successfully completed. Of the 1,857 deaths in the original sample, 589 were ascertained to have been sudden and unexpected deaths. Table 1 also contains the estimated number of sudden deaths in the total population after adjustments were made for the differences in sampling fractions of the various subgroups of total natural deaths.
In order to permit comparisons to be made with regard to certain characteristics of the sudden deaths, two additional groups were obtained: a probability sample of the white male Baltimore population aged 40 to 64, and all ASHD deaths that were not sudden.
Accuracy of the Diagnosis in Deaths due to Arteriosclerotic Heart Disease
Since we were able to review hospital records, autopsy protocols, and physicians' reports and also to obtain information from nonmedical personnel who had witnessed a death, a more accurate diagnosis of cause of death was sometimes possible than that available from the death certificate. After review of all available information, ASHD was determined to be the most likely 
Results
The results to be described are based on the estimated total deaths after adjusting for sampling fractions (as described) unless otherwise noted. The causes of death are those ascertained in the study and not necessarily the underlying causes on the death certificates.
Number and Percentage of Sudden Deaths
Of the 3,648 deaths, 1,178 or 32.37o were sudden and unexpected (table 3) . Although the observed frequency of sudden death may seem high, the definition of sudden death is conservative, since deaths in a hospital after 24 hours were not classified as sudden. Deaths in the operating room or cardiac arrests on a ward were not considered sudden deaths in this study. From table 3 we note that, in spite of the differences in the frequency of deaths by race and sex in different age groups, the percentage of dea-ths that were sudden is similar in the three age groups. Also, higher percentages of deaths were sudden in males and in Negroes.
Arteriosclerotic heart disease accounted for 58.1% of the total sudden deaths. In the 40 to 64 age group, 61.4% and in the 20 to 39 age group 21.8% of the sudden deaths were due to ASHD. A much higher percentage of sudden deaths in white males were due to ASHD Circulation, Volume XXXIV, Decemiber 1966 Ciclain Vlm XXV Dcmer16 than in the other three race-sex groups. Even when the sudden deaths due to hypertensive heart disease are added to those due to ASHD, a higher percentage of sudden deaths were still due to arteriosclerotic-hypertensive heart disease in white males.
Although ASHD accounted for 61.4% of the sudden deaths in the 40 to 64 age group, only 437 (19.4%) of 2,249 not-sudden deaths were due to ASHD. A higher percentage of sudden deaths in the less-than-2-hour category were due to ASHD than in either the unwitnessed or 2-to-24-hour category. This was true in all four race-sex groups (table 4) .
Of the 1,098 deaths due to ASHD at age 40 to 64, 661 (60.2%) were sudden and unexpected deaths, 203 (18.5%) were unwitnessed, 291 (26.5%) were in the witnessed and less-than-2hour category, and 167 (15.2%) witnessed occurred in 2 to 24 hours. A higher percentage of ASHD deaths in white males were sudden than in white females, while no sex differences were noted among Negroes (table 5). Of 29 deaths due to ASHD at age less than 40, 22 (75.9%) were sudden and unexpected.
Death Rates due to Arteriosclerotic Heart Disease
In order to compare the different race-sex groups, death rates were computed and are presented in table 6 . White males have the highest age-specific death rates due to ASHD, and white females have the lowest. Rates are higher for white than Negro males, and for Negro as compared to white females. The sudden death rate accounts for a large part of the absolute difference between white males and females. As we go from the unwitnessed and less-than-2-hour categories of sudden death to the 2-to-24-hour witnessed and finally the not-sudden deaths, the differences in the death rates between white males and females become closer but never approach unity. There is a somewhat similar trend in Negroes but with smaller differences. It should be noted that the sudden death rate for witnessed deaths in less than 2 hours in white males (202/ 100,000) is greater than the total death rate due to ASHD in white females (186/100,000). In white females, therefore, both the percentage of ASHD deaths that were sudden and the sudden death rate are lowest; while the highest rate, the largest percentage of sudden deaths, and the largest proportion of all ASHD deaths that are sudden, especially within 2 hours, are reported in white males. To better appreciate the magnitude of the unwitnessed and less-than-2-hour categories of ASHD deaths in white males of age 40 to 64, it should be noted that the death rate for these two categories combined is equal to the total mortality due to neoplastic diseases for the same age group.
Place and Activity at Onset
The onset of the series of events leading to the fatality was defined as the time when the individual was required to change his activities. For 74.4% of the sudden deaths due to ASHD in the age group 40 to 64, the onset was at home. For 11.2% of white males the onset occurred at work, and for 8.1% it occurred en route to work or returning home from work. Even if we adjust these percentages to include only the white males who were working on the last regular working day prior to death, there does not appear to be an association between being at work and the frequency of sudden deaths, since in only 15.3% of men employed at the time of their deaths did the onset of the fatal event occur while they were at work, as compared to an estimated 25% to 30% of time normally spent at work.
We also did not find any association between a specific activity and sudden ASHD death, in either the 20 to 39 or the 40 to 64 age groups. Also, the distribution of the activities at onset were similar for those who died suddenly from ASHD and from other Only 51.8% of the ASHD sudden and 17.2% of the ASHD not-sudden deaths in Baltimore City were certified by the Medical Examiner.
The place of death was defined as the location of death stated on the death certificate. However, an individual may die outside of a Individuals contemplating the development and utilization of procedures to reduce mortality should note that only 12.2% of deaths occur after the first 24 hours of hospitalization for those admitted with the diagnosis of ASHD and that 66.8% are either dead on arrival or die outside of a hospital.
Any therapeutic methods which are effective only after an individual reaches a hospital will have little effect on the total ASHD mortality unless several other factors are changed as well: namely, (1) better diagnostic methods so that patients with minimal symptoms can be brought to a hospital earlier, and (2) an effective system in the hospital to handle the emergencies during the first 24 hours of hospitalization.
The Suddenness of Death
In the preceding discussion we determined suddenness of death principally in terms of the time interval from the onset of the fatality until death. We shall now consider several other ways of defining suddenness of death.
Past History of Heart Disease
A past history of heart disease was reported for one half of all the cases of ASHD sudden deaths between the ages of 40 and 64 (table  8) , with little variation in the percentages among the three categories of sudden death. The history was more often positive in males than in females, but no racial differences were noted. A higher percentage of the deceased in the not-sudden death group had a history of heart disease than in the sudden-death group. However, the differences are smaller than anticipated, considering that those in the not-sudden death group were supposedly incapacitated for at least 24 hours prior to death. Also, 76 (11.4%) of the 666 individuals in the sudden-ASHD-death group and 95 (24.9%) in the 381 not-sudden-ASHDdeath group had a history of diabetes, and 185 (27.8%) in the sudden and 136 (35.7%) in the not-sudden-death groups had a history of hypertension (table 8) .
Finally, approximately two thirds of those in the ASHD-sudden-death group had a history of at least one of the following four diseases: heart disease, diabetes, cerebrovascular disease, and hypertension (table 8) . Thus when we measure sudden death by two parameters, time from the onset of the fatal event and a past history of several diseases, a somewhat different picture emerges than when sudden deaths are determined only in terms of the time interval.
Recent Medical Care
We shall now consider another parameter, recent medical care. Approximately 24% of the individuals in the ASHD-sudden-death group had been seen by a physician within 7 days prior to the onset of the fatal event (table 9). There was little difference in the four race-sex groups, although the percentage was somewhat lower for Negro females. Thirtytwo per cent of the persons dying suddenly with a history of heart disease and 17% of those without such a history had seen a physician within a week prior to death. In contrast, only 7.5% of the probability sample of white males had seen a physician within a week prior to interview.
We previously noted that 60% of ASHD deaths were sudden when only the time interval is considered. When the history of heart disease and a recent visit to a physician (that is, within 1 month prior to death) are added to the criteria, only about 17% of ASHD deaths are in the category of deaths within 2 hours or unwitnessed in which the deceased had not seen a physician within a month and did not have a history of heart disease. Finally, there were only 90 deaths 213 *In a large number of the sudden deaths the informant did not know how long prior to the onset of events leading to death it had been since the victim had last seen a physician. In most cases they stated that it was a "long time." Most of these deaths were also certified by the Medical Examiner, and his office also failed to determine that there had been a recent visit to a physician. We have, therefore, assumed that when the time was unknown, the deceased had not seen a physician within the month prior to death. We may, therefore, have underestimated the frequency of recent visits to a physician. Circulation, Volume XXXIV, December 1966 1064 DEATHS DUE TO ARTERIOSCLEROTIC HEART DISEASE (8.2% of all the ASHD deaths) that had occurred within 2 hours or were unwitnessed, when the deceased did not have a history of cardiovascular or other vascular disease or diabetes, had not seen a physician within 1 month prior to death, had not been hospitalized in the year prior to death, and was able to work. These deaths may represent the sudden and unexpected cardiac deaths in apparently healthy individuals (table 10) .
Estimation of the Case-Fatality Rate
No reliable figures are available on either the incidence or the prevalence of coronary artery disease among Baltimore residents. Several of the prospective studies of coronary artery disease have estimated that the incidence of coronary artery disease in middleaged white males is about 1% per year,'0' 29, 30 excluding angina pectoris and abnormal exercise tests. Using this percentage, we estimated that there were 500 new cases of coronary artery disease among the 51,000 white male Baltimore residents 50 to 64 years of age during the period of the study. There were 311 sudden deaths due to ASHD in white males in this age group. Fifty-three per cent of the 311 males had a past history of heart disease as reported by the informants. However, we had noted that only 80% of those with histories of heart disease reported by physicians were also reported by the informants. After adjusting for this underreporting, we estimated that 112 (36%) of the 311 sudden deaths occurred in males who did not have a history of clinical coronary artery disease. Therefore, 112 (22%) sudden deaths occurred among the estimated 500 new cases of coronary artery disease. After making a similar adjustment, it was found that 43 (23.5%) of the 183 ASHD deaths that were not sudden were not associated with a history of heart disease. About 9% of the deaths in the 500 new cases are therefore not sudden. The estimated total case-fatality rate is thus found to be 31%, and 74% of these deaths are sudden. In table 11 we have compared our estimates with the results of several prospective studies of ASHD. In spite of the differences in the definitions of sudden death in several of the studies, the percentage of new coronary events, excluding angina pectoris and abnormal exercise tests, that are manifest only as sudden deaths, is between 20% and 25% in practically every study.
Several other studies have also estimated that a similar high percentage of all ASHD deaths occur within the first day or so after the onset of a new coronary event.10' 14, 15, 19 
Discussion
At present it is rather obvious th of either primary prevention of a fir event, or secondary prevention o quent event, are much more likely demonstrable effect on coronary d tality than therapeutic methods tl on the individual surviving at leas in the hospital.
Routine vital statistics reports in approximately 80% of ASHD deatl a hospital, an estimate based on ments on the death certificates. TI that improved hospital treatmen nificantly reduce total cardiovas tality. However, the more intensiv the series of events surrounding was done in this study, clearly inc in a large proportion of such deal tients were dead on arrival (58.2 within 24 hours after admissio] Therefore, the potential benefits treatment of cardiovascular diseaso of influencing total cardiovascular may well be quite limited.
With respect to the possibility duction of the ASHD mortality in 64 age group, several important facts reported Frequency in this study should be reemphasized: (1) ifestation of 60% of deaths attributed to ASHD were sudsly Healthy den; (2) A study of sudden unexpected nontraumatic deaths was begun on June 1, 1964 . A sample of all nontraumatic deaths in Baltimore residents between the ages of 20 and 64 from June 15, 1964, to June 14, 1965 , was obtained. The deaths were then studied by reviewing all available medical information in order to determine: (1) whether the death was possibly sudden or not and (2) the accuracy of the diagnosis reported on the death certificate. The next of kin or other relative or friend of each deceased person who died suddenly was then interviewed.
For comparison, information was obtained on (1) a probability sample of the Baltimore population, and (2) deaths due to arteriosclerotic heart disease (ASHD deaths) that were found to be "not-sudden."
There were 1,857 deaths in the original sample, of which 589 were sudden according to the definition of sudden death. After adjustment for sampling, it was estimated that 1,178 (32%) of the total 3,648 deaths in Baltimore were sudden. Arteriosclerotic heart disease (ASHD) accounted for 58% and the cardiovascular group together for 69% of the sudden deaths.
Sixty per cent of all ASHD deaths were sudden. Of the 1,030 ASHD deaths in Baltimore City between the ages of 40 and 64, 20.6% occurred outside of a hospital and 46.2% represented deaths on arrival at a hospital. Only 18.9% of all ASHD deaths occurred after the first 24 hours of hospitalization.
By use of data provided in several crosssectional and prospective studies, it was estimated that 22% of new coronary events were sudden deaths and that the case-fatality rate was 31%.
In approximately half of the ASHD sudden deaths the deceased had a history of heart disease prior to death and in 24% the deceased had seen a physician within the week prior to death. Unfortunately we were not able to determine the reasons for these visits.
In considering the implications of these findings with regard to the prevention of ASHD deaths, it would appear that prevention of Circulation, Volume XXXIV, December 1966 only a comparatively small percentage (8.2%) of ASHD deaths is completely dependent on primary prevention. For the remaining ASHD deaths a combination of both primary and secondary prevention may be effective. Because of the rapidity of death and the high frequency of these deaths either occurring outside of a hospital or being called deaths on arrival, hospital treatment may well have little effect on reducing the ASHD mortality, while, on the other hand, the combination of better and earlier diagnosis and intensive treatment in a hospital could conceivably reduce the mortality.
